Abstract We select 107 blue-core galaxies from MaNGA survey, studying their morphology, kinematics as well as the gas-phase metallicity. Our results are as follows: (i) In our sample, 26% blue-core galaxies have decoupled gas-star kinematics, indicating external gas accretion; 15% have bar-like structure and 8% show post-merger features, such as tidal tails and irregular gas/star velocity field. All these processes/features, such as accreting external misaligned gas, interaction, bar, can trigger gas inflow. Thus the central star-forming lead to the bluer colors in the center (blue-core galaxies). (ii) By comparing with the SDSS DR7 star-forming galaxy sample, we find that the blue-core galaxies have higher central gas-phase metallicity than the prediction of local mass-metallicity relation. We dig into the origin of the higher metallicity, finding that not only the blue-core galaxies, but also the flat-gradient and red-core galaxies are all have higher metallicity. It can be explained as a combination effect of redshift and galaxy color.
INTRODUCTION
Many of the properties of galaxies (including the galaxy color-magnitude diagram) indicate that there are fundamentally two types of galaxies. These groups divide into blue star-forming galaxies that are more like spiral types, and red non-star forming galaxies that are more like elliptical galaxies. The elliptical galaxies have smoothly varying brightness, steadily decreasing outward from the center. They appear elliptical in shape, with lines of equal brightness made up of concentric and similar ellipses. They are also devoid of gas and dust and contain just old stars. The spiral galaxies are conspicuous for their spiral shaped arms, which emanate from or near the nucleus and gradually wind outward to the edge. The arms are embedded in a thin disk of stars. Both the arms and the disk of a spiral system are blue in color. Generally speaking, a galaxy is constructed by a central bulge with old stellar population plus an outskirt disk with young stellar populations. The classification of one galaxy into elliptical or spiral depends on the relative contribution of the bulge and the disk. In this galaxy structure picture, we would expect the stellar population ages decrease with increasing radii (indicating mass assembly is finished earlier in the galaxy center than the outskirts, which is know as the "inside-out" scenario) or keep constant (i.e., in pure disk galaxies with no contribution from bulge or pure elliptical galaxies with no disk contribution).
The "outside-in" evolutionary scenario has also been studied in detail in individual, such as in Large Magellanic Cloud (Gallart et al. 2008) . Based on the multi-wavelength broad-band photometry, Pan et al. (2015) found a group of galaxies with younger stellar populations in the center than the outskirts, this group is inferred as in the "outside-in" evolutionary scenario. A full understanding of galaxy evolution mode as well as the cessation of star-formation requires spatially resolved observation of stellar and gas components. The integral field unit (IFU) surveys that obtained spatially resolved spectra for samples of galaxies in the last decades have greatly improved our understanding in galaxy formation and evolution. Li et al. (2015) classified 12 galaxies observed by P-MaNGA as either centrally quiescent (CQ) or centrally star-forming (CSF). They found that CQ galaxies represent negative radial gradients in D n 4000, which supports that CQ galaxies are in the inside-out assembly mode. Pérez et al. (2013) used the integral field spectroscopic data to study the star formation histories (SFH) of 105 galaxy in local universe from the observation of the Calar Alto Legacy Integral Field Area (CALIFA). They found that galaxies with mass more than M * ∼ 5 × 10 9 M ⊙ grow inside-out, while lower mass galaxies grow outside-in. Wang et al. (2018) studied the radial gradients of low-redshift galaxies observed by the MaNGA. They found that star formation cessation of galaxies depend on stellar mass and structural properties. The evolutionary scenario of galaxies is the "inside-out" assembly mode when the stellar mass is more than ∼ 10 10 M ⊙ . Generally speaking, the galaxies following "inside-out" assembly mode have negative color, stellar age, and D n 4000 gradients, while the galaxies following "outside-in" assembly mode have positive color, stellar age, and D n 4000 gradients (e.g., Wang et al. 2011 , Lin et al. 2013 .
As the sample size of the surveys increases, there are more and more galaxies with "outside-in" evolutionary scenario have been found. In this work, we focus on the formation scenario of galaxies with younger stellar populations in the central region (we refer them as blue-core galaxies) as well as their properties. The descriptions of data and sample are shown in Section 2. In Section 3, we study the morphology and kinematics as well as central gas phase metallicity of these galaxies. In Section 4, we summarize our results. The cosmology parameter Ω = 0.3, Λ = 0.7 and H 0 = 100 km s −1 h Mpc(with h = 0.7) are adopted in this work.
DATA AND SAMPLE

The MaNGA survey
Mapping Nearby Galaxies at APO (MaNGA) is a multi-object IFU survey (Bundy et al. 2015) , one of three core programmes in the fourth generation of the Sloan Digital Sky Survey (SDSS-IV). It utilizes the Baryon Oscillation Spectroscopic Survey (BOSS) spectrograph (Gunn et al. 2006; Smee et al. 2013 ) to obtain spatially resolved spectroscopy for ∼ 10,000 nearby galaxies at a effective spatial resolution of 2.5 arcsec. The wavelength coverage of BOSS spectrographs is from 3600 to 10,300Å with a spectral resolution R ∼ 2000 (Drory et al. 2015; Smee et al. 2013) . MaNGA have 5 different types hexagonal integral field units (IFUs, Drory et al. 2015) : 2× N 19 (12 arcsec in diameter), 4× N 37 , 4× N 61 , 2× N 91 , 5 × N 127 (32 arcsec). For a single plate, 17 galaxies are observed simultaneously by using different IFU fibre bundles. The more detailed introduction for the MaNGA survey and instrumentation can be found in Bundy et al. (2015) and Drory et al. (2015) , respectively. Law et al. (2015) have also described the MaNGA observing strategy in detail.
The MaNGA targets are selected from the SDSS 'Main' galaxy sample (Strauss et al. 2002) , the sample is complete at M * > 10 9 M ⊙ , and has a roughly flat log M * distribution. The MaNGA sample is composed of three subsamples with different radial coverage (Wake et al. 2017) . A primary subsample reaches 1.5 effective radii (R e in r-band), it accounts for about 5000 galaxies. In addition to the primary subsample, the color-enhanced subsample adds additional ∼1700 galaxies which is designed to balance the color distribution at a certain M * . We refer to the primary and color enhanced subsamples as "Primary +". The secondary subsample includes 3300 galaxies with a coverage of 2.5R e . The MaNGA sample and data products used here drawn from the internal MaNGA product Launch-5 (MPL5) which includes ∼ 2721 galaxies observed through July 2015 (the first and second years of survey). The observed data are reduced by the MaNGA data reduction pipeline (DRP; Law et al. 2015 Law et al. , 2016 Yan et al. 2016a ). 
Sample selection
In this work, we use the DAP products named as SPX-GAU-MILESHC (analysis of each individual pixel). In order to get the radial profile of D n 4000, we use the effective radius R e , position angle and ellipticity from NASA-Sloan Atlas (Abazajian et al. 2009; Blanton et al. 2011) , binning the data into different radii, with a bin size of 0.1R e . In Figure 1 , the first panel shows the SDSS g, r,i images; the second column shows D n 4000 as a function of radius. The black dots show D n 4000 values of each spaxel with median spectral signal-to-noise ratio (S/N) greater than 5 per pixel, the red dots are the median. About how to bin the data, the third panel gives example of 0.9Re-1.0R e annulus (white ellipse). This panel shows the D n 4000 map, the black solid lines show the position angle. We then define the radial gradient of D n 4000 in units of dex/R e as:
where R is the radius in units of effective radius R e . We use linear regression to fit the median value of D n 4000 (red dots) at R < R e for each galaxy, and define the slope as the gradient of D n 4000. The linear regression is performed by using the IDL procedure 'ROBUST LINEFIT'.
Other derived parameters used in this work, such as total star formation rate (SFR) and stellar mass (M * ) are taken from MPA/JHU catalog 1 (Birnchmann et al. 2004; Tremonti et al. 2004) . We match the 2721 MaNGA galaxies with the MPA/JHU catalog, finding 2458 matches. We then select the blue-core galaxy sample according to the following criteria:
1. log Σ M * > 9.7, where Σ M * is the stellar mass surface density defined as Σ M * = 0.5M * /πR 2 e . Through this criteria, we exclude 293 galaxies with low stellar mass surface density. We go through these 293 galaxies by eye, finding that they are dominated by irregular morphology which are hard to get a robust D n 4000 gradients. 2. We also exclude 60 ongoing merging system by eye since it is hard to define D n 4000 gradient for these systems. 3. ∇D n 4000 > 0.1. This criterion ensures that we are selecting galaxies with positive D n 4000 gradient (blue-core galaxies).
We notice that there are some bar galaxies with '∪' or '∩' shape D n 4000 gradient in these case, the linear fitting always gives a low value of D n 4000 (smaller than 0.1), thus they are not included in our blue-core sample. Finally, there are 107 galaxies in MPL5 satisfy these selection criteria. In addition to the blue-core galaxies, we also defined two other subsamples, one with ∇D n 4000 < −0.1 and the other with |∇D n 4000| < 0.1, we will refer them as "red-core" and "flat-gradient" galaxies in the following sections, respectively. These three catagories are shown in figure 1 with the blue-core example in the top row, the second and third rows show an example of flat-gradient and red-core galaxies, respectively. The last column in Fig.1 shows the spatial-resolved BPT diagram (Baldwin et al. 1981) , with blue area as star-forming region, red as Seyfert, green as the composite of both AGN and star-formation, and yellow is Low-Ionization Emission-Line Region. For the BPT diagram, we use the criterion described in Kewley et al. (2001) and Kauffmann et al. (2003b) to separate the AGN, star formation, composite as well as the LIER regions. In summary, there are 969 "flat-gradient" galaxies and 1029 "red-core" galaxies.
RESULTS
Morphology and kinematics of blue-core galaxies
For the blue-core galaxies, the strong positive gradients in the 4000Å break indicate young stellar populations existing in the central regions than their outskirts. The spatial resolved BPT diagram further shows ongoing star formation in the central region for most of the blue-core galaxies. The younger central stellar population/ongoing star formation in the blue-core galaxies requires adequate gas supply to the center. In this case, the question about "how to form the blue-core galaxies" transfers to "what triggers gas inflow in those blue-core galaxies". It is well established that both the existence of the bar and interaction with companions can effectively cause gas inflow and enhance star formation in the center of a galaxy (e.g., Regan & Teuben 2004; Li et al. 2008; Lin et al. 2017; Wang et al. 2012; Holmes et al. 2015) . Hydrodynamical numerical simulations suggest that interaction and merger can induce gas inflow and enhance star formation activity in the center of galaxies (Barnes & Hernquist 1996; Borne et al.1999) . Benítez-Llambay et al. (2016) used a cosmological simulation to explore the the origin of age and metallicity gradients in dwarf spheroidal galaxies. They pointed out that the positive age gradients of dwarf spheroidal galaxies are due to merge inducing gas inflow. Recently, Chen et al. (2016) and Jin et al. (2016) found that accreting counter rotating gas by a star-forming galaxy can lead to the redistribution of angular momentum through gas-gas collisions between the pre-existing and the accreted gas, which largely accelerates gas inflow. Figure 2 shows examples of galaxies with different features. From top to bottom: the first row is a kinematically misaligned galaxy; the second row is a bar galaxy; the third row is a post-merger galaxy, and the fourth row is a galaxy without any obvious feature which can be relevant to gas inflows. From left to right: the left column shows the SDSS g, r, i-band images; the second column is the velocity field of stars; the third column is the velocity field of gas; the last column is D n 4000 maps. In order to figure out the relevant contribution of the mechanisms described above (bar, interaction and accreting counter rotating gas) to the formation of the blue-core galaxies, we summarize the properties of blue-core galaxies in table 1. The properties include galaxy inclination, ∆P A (the position angle difference between gas and stellar components). We compute the galaxy inclination angle, i, from the measured axial ratio, b/a, and the r-band absolute magnitude M r using Table 8 in Padilla & Strauss (2008) . We measure the difference in the kinematic position angle (P A) between ionized gas and stars as ∆P A = |P A * − P A gas |, where P A * is the P A of stars and P A gas is the P A of ionized gas. The kinematic P A is measured based on established methods, defined as the counter-clockwise angle between north and a line that bisects the velocity field of gas or stars, measured on the receding side (Krajnović et al. 2006) . From table 1, we find ∼26% (28/107) blue-core galaxies have decoupled gas-star kinematics (∆P A > 30
• ), indicating that accreting misaligned gas might be the origin of gas inflow, and in turn blue-cores in these galaxies. In order to see the morphological classification of blue-core galaxies, we use the catalogue of Galaxy Zoo 2 2 (GZ2; Willett et al. 2013) , which provides the morphological features of 304,122 galaxies from SDSS DR7 with m r < 17 mag, including bars, bulges, disk shapes, spiral arms, etc. We match our galaxy sample with galaxy Zoo 2, find that ∼ 15% (17/107) of blue-core galaxies have bar structure, which implies that bar-induced gas inflows as a formation mechanism of blue cores. Another ∼8% (9/107) shows post-merger features, such as tidal tail, irregular gas velocity field, indicating galaxy interaction as a trigger mechanism of gas inflow. For the rest of 53 galaxies, fifteen galaxies are totally face-on, four galaxies without any nebular emission, both cases make the robust measurement of ∆P A impossible. We find another 13 blue core galaxies which are totally edge-on, in these galaxies, it is hard to identify any bar features. In summary, 49% blue-core galaxies show obvious features, such as interaction, accreting misaligned gas and the bar structure, which can lead to gas inflow. There are another 26% galaxies that are totally face-on or edge-on, making it impossible for us to identify kinematical misalignment or bar structure. For the remaining 25% galaxies, we have not found any features that could lead gas inflow. Thus, the formation of blue-core in these galaxies is still a mystery.
The gas-phase metallicity of blue-core galaxies
The chemical abundance is important in constraining the evolution and star formation histories of galaxies. Comparing with the stellar metallicity which is derived from the strong nebular emission, the gasphase metallicity estimated from the strong nebular emission line includes the following advantages (Tremonti et al. 2004 ): (1) it can be measured in many optically faint galaxies which exhibit the highest emission-line equivalent width, since the S/N of the emission lines exceed that of the continuum; (2) it is free from the uncertainty caused by α-enhancement and age; (3) it represents the present-day abundance rather than the average of the past stellar population generations. In this section, we focus on the gas-phase metallicity of blue-core galaxies.
For the blue-core galaxies, most of them experience ongoing star formation in the central region according to the resolved BPT diagram. Therefore, we directly match our blue-core galaxies with the MPA/JHU catalog 2 (Tremonti et al. 2004; Brinchmann et al. 2004 ) to get the gas-phase metallicity. We get gas-phase metallicity for 68 blue-core galaxies , 325 flat-gradients galaxies and 169 red-core galaxies, respectively. Figure 3 shows the stellar mass-gas-phase metallicity relation. The black solid line is the median stellar mass-gas-phase metallicity relation of the SDSS DR7 star-forming galaxies, and two black dashed lines represent ±1σ scattering region. The blue dots are the blue-core galaxies. It is clear that most of blue-core galaxies do not follow the median mass-metallicity relation of local star forming galaxies, and they lie above this relation by about ∼ 0.2−0.3 dex, which indicates that blue-core galaxies have higher gas metallicity. This result is consistent with Chen et al. (2016) and Jin et al. (2016) who found that the blue star-forming counter-rotators galaxies with younger stellar populations in the center (positive D n 4000 gradients, which is in common as our blue-core sample) have higher central 3 Fig. 2 Example of galaxies with different features. The first row is a kinematically misaligned galaxy; the second row is a bar galaxy; the third row is a post-merger galaxy, and the fourth row is a galaxy without any obvious feature galaxy, respectively. The left column shows the SDSS g, r, i-band images; the second column shows the velocity field of stars; the third column shows the velocity field of gas; the last column is Dn4000 maps.
gas-phase metallicity than the prediction from mass-metallicity relation of local star-forming galaxies. However, the higher gas metallicity for the blue-core galaxies is still a puzzle. In order to compare with blue-core galaxies, we also overplot flat-gradient and red-core galaxies. The green stars are flatgradient galaxies, while red squares are red-core galaxies. The larger symbols with ±1σ error bars show the median in each mass bin. Generally speaking, there is evidence that the blue-core galaxies have higher metallicity than the flat-gradient and red-core galaxies. What is more obvious is that the median metallicity for all these three populations is higher than the median mass-metallicity relation of local star forming galaxies. One explanation for the blue-core galaxies is due to the instaneous enrichment from star formation. Based on the assumption of closed-box model (Dalcaton 2007) , the metallicity will mainly depend on the gas mass fraction f gas (≡ M gas /(M gas + M star )). The abundances get elevated when a large blue−core galaxies flat−gradient galaxies red−core galaxies Fig. 3 Stellar mass-gas phase metallicity relation. The black solid line represents the median stellar mass-metallicity relation of the SDSS DR7 star-forming galaxies, and two black dashed lines represent the ±1σ scattering region. The blue dots are the blue-core galaxies. The green stars are flat-gradient galaxies. The red squares are red-core galaxies. The larger symbols indicate the median in each mass bin. Error bars represent the 16th and 84th percentiles in each mass bin. The blue histogram is for blue-core galaxies. The green histogram is for flat-gradient galaxies. The red histogram is for red-core galaxies. The black histogram is for SDSS DR7 star-forming galaxies. The vertical blue, green, red and black dashed lines show median of redshift in each sample, respectively. Panel (b) is the relation between stellar mass and gas-phase metallicity. The black solid line represents the median stellar mass-metallicity relation for the SDSS DR7 star-forming galaxies, and two black dashed lines represent the ±1σ scattering region; The blue solid line represents the median stellar mass-metallicity relation of the SDSS DR7 star-forming galaxies with 0.01 < z < 0.05, and the two blue dashed lines represent ±1σ scattering region. The blue dots are the blue-core galaxies. The green stars are flat-gradient galaxies. The red squares are red-core galaxies. fraction of the available gas turns into stars. The low D n 4000 at the center is a hint that such stars exist. However, we keep in mind that the "external" gas likely have low metallicity and the closed-box model is a strong assumption which may be not set up for galaxies with M * < 10 10.5 M ⊙ . Another disadvantage for this explanation is that it can not explain the higher metallicity in flat-gradient and red-core galaxies.
We check the other possibilities for the high gas-phase metallicity found in blue-core, flat-gradient and red-core galaxies. The first possibility that comes to our mind is the aperture effect. Panel (a) of Figure 4 shows the redshift distribution, the blue histogram is for blue-core galaxies. The green histogram shows the redshift distribution for flat-gradient galaxies while red histogram for red-core galax- ies. The black histogram is for the SDSS DR7 star-forming galaxies. The vertical blue, green, red, and black dashed lines show median of each sample, respectively. The median redshift of MaNGA bluecore, flat-gradient and red-core galaxies with metallicity measured in MPA/JHU catalog is ∼0.03, with lowest median value for the blue-core galaxies which is much smaller than the median redshift of the DR7 star-forming galaxies sample. Combining the truth of these different redshift distributions with the negative gas-phase metallicity gradients in star-forming galaxies (Lian et al. 2018) , we suggest that the aperture effect may partly explain the higher metallicity that observed in the MaNGA sample. Panel (b) of Figure 4 is similar to Figure 3 , the only difference is that we add the mass-metallicity relation for a DR7 star-forming galaxy subsample with 0.01 ≤ z < 0.05 as blue solid line, the two blue dashed lines show the ±1σ scattering region. From panel (b) of Figure 4 , we find that the median stellar mass-gasphase metallicity relation rise about 0.06 dex at log(M * /M ⊙ ) > 9.5 when we constrain the redshifts of SDSS DR7 star-forming galaxies to a similar range of the MaNGA sample (the blue solid line), Notes. The physical parameter of blue-core galaxies. The first column is MaNGAID; the second and third column are right ascension, declination, respectively; the fourth column is redshift; the fifth column is stellar mass; the sixth column is inclination angle; the seventh column is difference in the kinematic position angle (P A) between star and ionized gas which is defined as ∆P A = |P Astar − P Agas|; the eighth column is features of galaxies. The kinematic P A is measured based on established methods (Krajnović et al. 2006 ). Trouille et al. (2011) . Panel (b) shows the relation between stellar mass and gas-phase metallicity. The cyan solid line represents the median stellar mass-metallicity relation of the SDSS DR7 star-forming galaxies with (g − z)
0.0 > 0.5 while the magenta solid line represents relation for galaxies with (g − z) 0.0 < 0.5.
which supports our expectation that the aperture effect partly influences the observed mass-metallicity relation.
We also explore the hardness of the radiation field for the blue-core, flat-gradient and red-core galaxies with metallicity measurement in MPA/JHU catalog. Trouille et al. (2011) 
0.0 color to separate star-forming galaxies from AGNs for galaxies with z < 1.4. They refer to this new diagnostic as the Trouille, Barger, and Tremonti (TBT) as a result of less line blanketing which enabling a harder stellar radiation field, fortunately, metal-poor galaxies also tend to be bluer, so their (g −z)
0.0 color can be used to distinguish them from AGNs (which tend to be bulge dominated and redder). In the left panel of Figure 5 , we overplot our blue core galaxies on the TBT diagram as well as flat-gradient and red-core galaxies. The cyan, green and red contours represent the SDSS DR7 star-forming galaxies, composites and AGNs classified by the BPT diagram, respectively. The black dash line separates the star-forming galaxies from AGN according to the TBT diagram. From the left panel of Figure 5 , we find that on the one hand, these blue-core, flat-gradient and red-core galaxies have a wide coverage in the radiation field hardness, thus the hardness of the radiation field is not a primary driver of their high metallicity; on the other hand, they have redder (g − z)
0.0 color (larger than 0.5) by comparing with the local star-forming sample. We also test whether the metallicity depends on (g − z)
0.0 color. The right panel of Figure 5 shows stellar mass-metallicity relation. The cyan solid line represents the median stellar mass-metallicity relation for the SDSS DR7 star-forming galaxies with (g − z)
0.0 > 0.5 while the magenta solid line represents relation of galaxies with (g − z) 0.0 < 0.5. From the right panel of Figure 5 , we find that galaxies with redder color have higher gas metallicity.
In order to quantify the contribution of aperture effect and galaxy color to the observed massmetallicity relation. We select a control sample for the blue-core, flat-gradient and red-core galaxies from the SDSS DR7 star-forming sample. The control sample is close matched in redshift and (g − r)
0.0 color with |∆z| < 0.001 and |∆z| < 0.001. Figure 6 shows the stellar mass vs gas-phase metallicity for our sample and the control sample. The blue dots are the blue-core galaxies. The green stars are flat-gradients galaxies. The red squares are red-core galaxies. The grey dots are the control sample. The black solid line is the median of our sample while grey solid line is median for the control sample. We find that the median stellar mass-metallicity relation have no significant difference for our sample and the control sample, suggesting that higher central metallicity observed in MaNGA galaxies can be explained as a result of redder color and lower redshift.
SUMMARY
We select 107 blue-core galaxies from MaNGA MPL-5, studying their morphology, kinematics as well as the gas phase metallicity. The main conclusion includes:
(i) The formation of blue-core galaxies is correspond to the gas inflow. In our sample, 26% bluecore galaxies have decoupled gas-star kinematics, indicating external gas accretion; 15% have barlike structure and 8% show post-merger features, such as tidal tails and irregular gas/star velocity field. All these processes/features, such as accreting external misaligned gas, interaction, bar, can trigger gas inflow. There are another 26% galaxies, which are totally face-on/edge-on, making the identification of kinematical misalignment and bar features impossible. (ii) By comparing with the SDSS DR7 star-forming galaxy sample, we find that the blue-core galaxies have higher central gas phase metallicity than the prediction of local mass-metallicity relation, which is consistent with the results of Chen et al. (2016) , Jin et al. (2016) , Wang et al. (2017) . We dig into the origin of the higher metallicity, finding that not only the blue-core galaxies, but also the flat-gradient and red-core galaxies are all have higher metallicity. It can be explained as a combination effect of redshift and galaxy color. On the one hand, the MaNGA sample have lower redshift distribution than the SDSS DR7 sample, considering the negative metallicity gradient in the local star-forming galaxies, we can easily understand the higher central metallicity in MaNGA galaxies. One the other hand, the mass-metallicity relation also depends on the galaxy colors at the same stellar mass, galaxies with redder colors have higher gas-phase metallicity. The larger (g − z) The stellar mass vs gas phase metallicity for MaNGA sample and control sample. The blue dots are the blue-core galaxies. The green stars are flat-gradient galaxies. The red squares are red-core galaxies. The grey dots are the control sample. The black solid line is the median for our sample while grey solid line is median for the control sample. colors of the MaNGA galaxies selected in our sample can partly explain the higher metallicity we observed.
